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Description 

The present Invention relates to the communication systems using optical signals propagating through sin- 
gle-mode optical fibres and, in particular, a method of and an apparatus for generating, transmitting and re- 
ceiving a multilevel optical signal. 

Reliable and economically competitive, coherent optical transmission systems which can be made avail- 
able at short and medium terms allow novel network architectures to be provided regarding long-distance and 
high-performance connections and multi-user LAN (Local Area Network) and MAN (Metropolitan Area Net- 
work) connections as wen. In particular, the very large bandwidth of the single-mode optical fibres (thousands 
of GHz) can be suitably exploited by providing optical FDM-systems (Frequency Division Multiplexing) in which 
the selection of the desired channel can be obtained by shifting the frequency of the local oscillator. This allows 
passive optical networks with very high traffic capacity (thousands of gB/s) to be carried out However, two 
important aspects restrict on one hand the bandwidth of the single channel and limit on the other hand the 
maximum number of channels which can be tuned by the user. In the first instance, in fact, the main restriction 
is is due to the bandwidth of the photodiodes and the electronic circuits, while regarding the second instance it 
should be considered that the frequency range which can be tuned by the user depends on the tunabllity char- 
acteristics of the laser used as local oscillator. 

In order to increase the information rate of any channel, systems have been provided in which the infor- 
mation to be transmitted is coded with more than two levels Instead of being coded using only the two binary 
levels as it is customary for providing a high signal reception sensitivity. By transmitting multilevel signals an 
improvement of spectrum efficiency expressed in terms of Information rata per unit of occupied band is ob- 
tained at the cost of a reduction of the sensitivity. The known systems with two or more levels resort to the 

? B ?J?TL 8nd Ph88e keyi " 9 (APK) or to the digital phase 8hif 1 ke y* n 9 < PSK ) or Polarization shift keying 
(SPSK) of the electrical component of the electromagnetic field associated to a coherent optical wave gener- 
25 ated by a laser source. 

in particular, according to the previous state of art, EP-A-0 277 427 discloses methods of and devices for 
processing an optical signal by altering the polarization state thereof under control of a signal at a predeter- 
mined scrambling frequency. 

EP-A-0 280 075 discloses an optical low-noise superheterodyne receiver for modulated optical signals in 
which a received hght signal is coupled to a coherent light signal having the same polarisation. Then such sig- 
nals are combined so as to provide two pairs of optical signals, the signal of each pair having the same polar- 
ization perpendicular to that of the other pair, and fed to photoeiements which provide electrical signals. Such 
electrical signals are then summed to each other after demodulation and after at least a phase shifting of one 
of such signals. 

In "Electronics Letters" Vol. 26. No. 4 of 15th February 1990 there is disclosed the performance of coherent 
optical transmission systems using multilevel polarization modulation based upon equipower signal constel- 
lations at the vertices of regular polyhedra inscribed In to the Poincare's sphere. 

The present Invention seeks to provide a method of generating a multilevel signal with a better perfor- 
mance than the known systems with regard to the signal reception sensitivity on the same number of employed 
levels. Within such general aim the invention seeks to provide in particular a transmitting and a receiving ap- 
paratus carrying out the above mentioned method. 

Such aims are achieved by the invention defined and characterized in general In the claims attached to 
the following description in which the present Invention is disclosed by way of a non-limitative example with 
reference to the accompanying drawing, in which, , - 

Fig. 1 is a block diagram of a transmitting apparatus for a multilevel optical signal according to the present 
Invention; 

Fig. 2 is a block diagram of the detecting stage and the intermediate frequency stage of a receiving appa- 
ratus according to the invention; 

Fig, 3 Is a blodc diagram of a multilevel signal processing stage based on the determination of the coef- 
ficients of the inverted Jones matrix in a receiving apparatus according to the invention; 
Fig. 4 is a block diagram of a multilevel signal processing stage based upon an algorithm for providing and 
updating the values of the components of the reference vectors in the receiving apparatus of the invention; 
Hg. 5 is a block diagram of the circuit of the stage of Fig. 4 for updating the values of the components of 
the reference vectors; 

Fig. 6 Is a diagram of the logarithm of the error probability P, versus the number of the received photons 
per bit F for different values of the level number N; 

Fig. 7 is a graph for the comparison of the sensitivity of the receiving apparatus (N-4Q) according to the 
invention, expressed in terms of the logarithm of the number of received photons per bit F versus the level 
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coherent optical signal generated by a laser source operating as local oscillator 12. Such signal of the local 
oscillator having a frequency which differs from that of the transmitted signal carrier by a predetermined 
amount between 10" and 10» Hz is linearly polarized at 45» with respect to the reference axes x and y. The 
90 optical hybnd 13 is a known device having two inputs and two outputs and providing at one output the 
!TL. 1 7 ' npUt 8ignals and atthe oth w output the sum of one input signal and the other input signal the phase 
of which is shifted by 90«. In such a case, therefore the output signals are the phase component and the phase 
quadrature component of the beat signal. \ 

The x and y. components of the polarization state of the output signals of the optical hybrid 1 3 are then 
spirt by polarization selection beam splitters 14 and 15 defining with their orientations the reference axes x 
and y, and separately detected by four photodiodes 16, 17, 18 and 19. The four electrical intermediate frequent 
cy signals are then filtered by bandpass filters 20, 21, 22 and 23 centered about the intermediate frequency 
and having a double as high bandwidth as the figure rate R„ i.e. the inverse of the transmission time of a sym- 
bol. A phase locked loop (PLL) 28 and four multipliers 24, 25. 26 and 27 allow the four intermediate frequency 
signals y„ y* y 3 and y 4 at the outputs of the filters 20-23 to be translated to base band. Such signals are then 
fed to four lowpass filters 29. 30, 31 and 32 having the same bandwidth as the figure rate R, so as to provide 
tour base band signals z 1f z* z, and z, proportional to the estimated values of the components of vector X 
which are mainly impaired by the detection noise. ~ 

Two preferred embodiment of the processing apparatus have been proposed for providing and updating 
theest^ated^luesofmecomponentsofvectorX 

allow the fluctuations of the polarization state of the optical signal due to the propagation through a single- 
mode fibre to be compensated by merely electronic techniques. 

The operation of the first apparatus, the block diagram of which is shown in Rg. 3, is based on the deter- 
mination of the inverse Jones matrix. As it is known, the effects due to the propagation through a single-mode 
optical fibre can be taken into account by the Jones unit operator providing the input-output relation between 
the polarization states of the optical field. Since such relation (s linear, the application of the inverse Jones 
operator to the received signal allows the polarization state of the transmitted optical signal to be determined. 
VectorZ having the base band signals z„ z* z, and z* as components is multiplied in block 33 by the inverse 
Jones matnxsoaatoprovidetheestlmatedvaluesofthecomponents of vectorX The coefficients of the matrix 
are determined by an algorithm based upon the consideration that the fluctuations of the polarization state 
(0.1-1 Hz) due to the fibre birefringence are much slower than the figure rate (10-1000 Hz). The algorithm is 

TZEOZXf? ?! * Ca,< ?! ati0n * lhe time avora 9 es * the 8 '9nals z 1( z 2 , z, and z, at blocks 34, 
35 36 and 37 in time intervals much longer than the symbol period. le. the transmission time of a symbol, 
and much shorter than the characteristic period of the polarization fluctuations. The elements of the Jones 
matrix depend linearly on the averages of the signals z 1( z* z, and z* as the coefficients of such linear relation 
are the averages of the four coordinates of the reference points evaluated in the set of the N feasible trans- 
mitted symbols end stored in block 38. Therefore, if the averages of the signals z„ z* z,.* are known, alineer 
T f.1 four j e< ' uations with unknown values can be implemented, the solution of which calculated in 
block 38 provides the real and imaginary parts of the coefficients of the Jones matrix, the inverse of which is 
then calculated in block 33. This algorithm causes the coefficients of the Jones matrix to be updated at the 
end of any time period at which the time averages of the signals z„ z* z 3 and * are evaluated, thus allowing 
the apparatus to follow the fluctuations of the polarization state due to the single-mode fibre birefringence. 
, k, ■!fL e ? S,0n ' Le - the rec °9 nitton of tne s te»e of the multilevel signal, received at a given time, is effected 
in block 39 by comparing the estimated vector s of components e* e s and e, with the reference vectors cor- 
responding to the feasible transmitted symbols, the components of which have been stored in block 39 when 
adjusting , the apparatus. In particular, such comparison is effected by calculating the distances between the 
point on the surface of the sphere in the four-dimensional space corresponding to the estimated vector « end 
the points determined by the reference vectors. Among the feasible transmitted symbols it Is selected the sym- 
bol corresponding to the point determined by the reference vector having the shortest distance from the point 
ofcoordinatesc.E&ej, andc* The output signal of block 39 is fed to an user apparatus 50. 

. The operation of the second apparatus processing the multilevel signal is on the contrary based upon an 
algorithm allowing the values of the coordinates of the reference points to be initially determined and updated 
l.e. the components of the reference vectors on the surface of the sphere in the four-dimensional Euclidean 

8 1 aC8 ',^ e ,f C ?u em !!| C bl0Ck di89ram ° f - 8i,Ch P roce8si "9 apparatus is shown in Rg. 4. The apparatus deter- 
mines initially the reference vectors by means of a suitable initialization sequence and subsequently effects 
the continuous updating of the components of such vectors, the values of which are fed to block 45 in which 
a decision is taken by the above described procedure based upon the calculation of the distance between the 
pom corresponding to the received symbol and the reference points. The decision circuit 45 in case of a N- 
level signal has 4N memory cells In which the components of the N reference vectors are stored. In the time 
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ordinate* are bound to the components x,, x* x 3 and x» defining the state of the electromagnetic field by the 
following relations: 

x, ■ cos* cosy cos0 
x 2 ■ cos$cosysin8 
Xj - cos^siny 
X4 =» sin<j> 

Table II shows the values of the distances between the reference points on the sphere of standardized 
unit radius in case of a five-level conf juration; in this case the distance of any couple of points is the same, 
and when that result is obtained, that is the best for symmetry reasons. 

Table III shows the values of the angular coordinates <>. y and 6 corresponding to the points on the sphere 
of the four-dimensional Euclidean space having standardized unit radius which are associated to the states of 
the electromagnetic field In case of an eight-level conflguradon. 

Table IV shows the values of the distances between the reference points on the sphere having standar- 
dized unit radius in case of an eight-level configuration. In such case it was not possible to arrange the eight 
reference points on the four-dimensional sphere in such a way that they are at the same distance from one 
another. Nevertheless the optimum configuration has a high symmetry as any point has six first near points 
at a distance equal to the radius of the sphere multiplied by V2 and only one second near point at a double as 
high distance as the radius of the sphere. 

In Fig. 6 the performance of the apparatus is shown by the logarithm of the error probability P, versus the 
photon number per bit F for a number N of levels equal to 4,8 and 1 6, respectively. 

In Fig. 7 the sensitivity of the apparatus is shown by the logarithm of the photon number per bit versus 
the number N of levels at an error probability of 1 0-». In such figure the performance of the apparatus according 
to the invention designated by N-4Q is compared with that of a N-level heterodyne PSK apparatus (N-PSK, 
N-Phase-Shift-Keying). a N-level heterodyne APK apparatus (N-APK, N-Amplitude-Phase-Keying). and a N- 
level polarization modulation apparatus with detection by Stokes parameters (N-SPSK. N-Stokes-Parameter- 
Shift-Keying), thefcrmertwo being described in K. Feher "Digital MODEM Techniques", Advanced Digital Com- 
munications. Prentice-HaU Inc.. Eagiewood Cliffe. New Jersey. 1987, the third one being described in an article 
of S. Betti, F. Curti. G. De Marchls, E lannone, "Multilevel Coherent Optical System Based On Stokes Para- 
meters Modulation" which is being published on the Journal of Lightwave Technology. 

In Fig. 8 the limit performance of the transmitting apparatus conditioned by the Shannon equation regard- 
ing the channel capacity is shown. The apparatus according to the invention suffers from a penalty with respect 
to the Shannon limit of 8.5 dB for N = 16, 7.4 dB for N = 32 and 7.8 dB forN = 84, respectively. The performance 
of the apparatus according to the invention with respect to the compared apparatus tends to Improve as the 
number of levels increases as illustrated in the following Table V showing the improvement In dB of the per- 
formance of the apparatus according to the invention with respect to that of N-SPSK and N-PSK apparatus. 

TABLE V 



H H-SPSK N-PSK 

8 • 1.4 3.8 

16 2.3 5.4 

32 3.0 9.3 

64 3.8 10.9 



Claims 

1. A method of providing a multilevel signal on a coherent optical carrier In order to transmit information 
through a single-mode optical fibre by the modulation of the carrier, characterized in that the phase and 
the polarization of the carrier are modulated. 
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2. The method of claim 1, characterized by the following steps: 

- modulating the phase of the carrier with a ftrst control signal; 

- dividing the carrier the phase of which is modulated In two orthogonal components representing the 
polarization state; and 

5 - modulating the phase of said orthogonal components by a second and a third control signals; 

said control signals being provided by coding a binary succession representing the Information to 
be transmitted and formed of a plurality of symbols each of them representing a predetermined state 
of the multilevel signal to be transmitted. 

10 3. The method of claim 2, characterized in that the predetermined states of the multilevel signal to be trans- 
mitted, each represented by the components of a four-dimensional vector defining a reference point on 
the surface of the sphere of the four-dimensional Euclidean space having a radius equal to the square 
root of the transmitted optical mean power, are determined by selecting the respective reference points 
such as to minimize the multi-variable function correlating the bit error probability with the coordinates 
' is of said reference points. 

4. An optical transmitter for the transmission of multilevel signals formed according to the method of claim 
1, comprising a coherent light source (1) adapted to generate the optical carrier and a modulation signal 
generator (1 0), characterized in that it further comprises a first phase modulator (2) adapted to modulate 
m the phase of said carrier, and a polarization modulator (3-8) coupled to the output of the first phase mod- 
ulator (2), and the modulation signal generator (10) has an output connected to the first phase modulator 
(2) and at least one output connected to the polarization modulator (3-8) to provide thereto phase and 
polarization modulation control signals. 

29 5 - 17,6 0Dt,cal transmitter of claim 4 for carrying out the method according to claim 2 or 3, characterized In 

that between the first phase modulator (2) and the polarization modulator (3-8) a polarization selection 
beam splitter (3) is connected which Is adapted to split the two orthogonal components of the polarization 
state of the carrier, and that the polarization modulator (3-8) comprises e polarization rotator (4) rotating 
by 90° the polarization of one of such components, a second phase modulator (5) adapted to modulate 

30 the phase of the other component, a 2x2 directional coupler (6) supplying to the output ports the super- 
imposed input signals, a second polarization rotator (7) rotating by 90° the polarization of one of the two 
inputsignalsof thedirertfanalMupler(6), and ^ 

(10) supplying from the binary sequence the control signals to the three phase modulators (2, 5, 8). and 
that the output of the polarization modulator (3-8) is connected to a polarization selection directional cou- 
35 pler (9 > for conr >bining again the orthogonal components of the polarization state and for entering the ob- 
tained signal into the optical single-mode fibre (11) acting as transmission channel. 

6. An optical receiverfor receiving multilevel signals formed according to the method of claim 1 and including 
a first stage consisting of an optical local oscillator (12), a 90» optical hybrid (13), two separators (14, 15) 
of the orthogonal polarization components, and four photodiodes (16-19) forthe detection of said signals, 
said first stage being coupled to the optical fibre (11) and being adapted to caiTy out the heterodyne de- 
tection of the phase terms and the phase quadrature terms of the beat signal generated from the polarized 
signal received by the optical fibre (11) and the optical local oscillator signal, characterized In that said 
first stage further comprises four bandpass filters (20-23) centered about the intermediated frequency 

^ of the signals detected by said photodiodes (16-19). and a second stage (24-32) is provided coupled to 
said first stage and adapted to demodulate the received signals for providing the multilevel signal, includ- 
ing an electronic device converting the intermediate frequency signals of said bandpass filters (20-23) 
band 8nd """P" 8 '" 9 a phase locked l0 °P ( 28 ). four multipliers (24-27) and four bandpass filters 
(29-32), and a processing circuit Is coupled to said second stage and adapted to compare said multilevel 
signal with predetermined reference signals. 

7. The optical receiver of claim 6 for receiving multilevel signals formed according to the method of claim 2 
or 3. characterized in that said processing circuit based upon the evaluation of the inverse Jones matrix 
comprises four circuits (34-37) receiving at their inputs the base band signals from the bandpass filters 
(29-32). calculating the time averages of said signals in time periods much longer than the symbol period 
and much shorter than the characteristic periods of the polarization fluctuations, and supplying at their 
outputs four signals representing said time averages, a circuit for the inversion of the Jones matrix (33) 
receiving at its input the above mentioned base band signals and supplying at Its output the estimated 
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values of the transmitted multilevel signal, a calculation circuit (38) receiving at its input the four signals 
representing the time averages of the base band signals and comparing said signals with the feasible 
transmitted symbols forming the predetermined reference signals stored In the circuit itself so as to cal- 
culate the coefficients of the Jones matrix and to supply them to the circuit for entering the Jones matrix 
(33), and a decision circuit (39) receiving at its input the estimated values of the transmitted multilevel 
signal and comparing said values with the feasible transmitted symbols stored in the circuit itself so as 
to assign to each estimated value one of the feasible transmitted symbols. \ 

8. The optical receiver of claim 6 for receiving multilevel signals formed according to the method of claim 2 
or 3, characterized in that said processing circuit comprises first circuit means (45) for determining initially 
the reference signals by an initialization sequence, second circuit means (40) adapted to calculate the 
time average of the base band signals in time periods much longer than the symbol period and much short- 
er than the characteristic period of the polarization state fluctuations, and to store and to update the com- 
ponents of the reference signals, the decision circuit means (45) being adapted to compare the time aver- 
ages of the base band signals with the reference signals and to assign to each of them one of the feasible 
transmitted symbols, the updating time period being much shorter than the characteristic period of the 
polarization fluctuations and much longer than the symbol period. 



Patentanspruche 

1. Verfahren zum Erzeugen eines mehrstuf igen Signals auf einem kohSrenten optischen TrSger zur Infor- 
mationsubertragung durch eine Monomode-Uchtleitfaser durch die Modulation des Trigers, dadurch ge- 
kennzeichnet, daft die Phase und die Polarisation des TrSgers moduliert werden. 

2. Verfahren nach Anspruch 1, gekennzeichnet durch die folgenden Schritte: 

- Modulieren der Phase des Trigers mit einem ersten Steuersignal; 

- Teiien des TrSgers, dessen Phase moduliert wind, in zwei orthogonale, den Polarisationszustand wie- 
dergebende Komponenten; und 

- Modulieren der Phase der orthogonalen Komponenten durch ein zweites und ein drittes Steuersignal; 
wobei die Steuersignale erzeugt werden, fndem eine derzu Gbertragenden Information entsprechende 
und aus einer Anzahl von Symbolen gebildete blnSre Sequenzkodiert wird, und wobei jedes der Symbole 
einem verbestimmten Zustand des zu Gbertragenden nehratufigen Signals entspricht 

3. Verfahren nach Anspruch 2, dadurch gekennzeichnet da& die vorbestimmten ZustSnde des zu Gbertra- 
genden mehrstufigen Signals, die jeweiis durch die Komponenten eines vierdimensionalen Vektora 
dergestelit werden, der einen Bezugspunkt auf der OberflSche der Kugel des vierdimensionalen Euklidi- 
schen Raums bildet, die einen Radius gieich der Quadratwurzei der flbertragenen mittleren optischen 
Leistung aufweist, durch Auswahlen der jeweiligen Bezugspunkte derart bestimmt warden, daft die Mehr- 
variablen-Funktion, welche die Bitfehlerwahrscheinlichkeit mit den Koordinaten der Bezugspunkte in Be- 
ziehung setzt, mdgiichst klein wird. 

4. OptischerSenderzum Obertragen von mehrstufigen Signalen, die nach dem Verfahren gemSBAnspruch 
1 gebildet sind, mit einer kohSrenten Uchtqueile (1 ) zum Erzeugen des optischen TrSgers und einem Mo- 
dulationssignalgenerator (10), dadurch gekennzeichnet, da& er ferner aufweist einen ersten Phasenmo- 
dulator (2) zum Modulieren der Phase des TrSgers, sowie einen Polarisationsmodulator (3-8), der mit dem 
Ausgang des ersten Phasenmodulators (2) gekoppelt ist, und dad der Modulationsslgnal-Generator (10) 
mit einem Ausgang an den ersten Phasenmodulator (2) und wenigstens einem Ausgang an dem Polari- 
sationsmodulator (3-8) angeschlossen ist, urn auf diesen Phasen- und Polarisationsmodulations- 
steuerstignale zu geben. 

5. Optischer Sender nach Anspruch 4 zur Durchfuhrung des Verfehrens nach Anspruch 2 Oder 3, dadurch 
gekennzeichnet, da& zwischen dem ersten Phasenmodulator (2) und dem Polarisationsmodulator (3-8) 
ein Polarisationsauswahl-Strahlungsteiler(3) angeschlossen 1st, der zum Teiien der zwei orthogonalen 
Komponenten des Polarisationszustandes des TrSgers geeignet ist, und dafi der Polarisationsmodulator 
(3-8) einen Polarisationsrotator (4), der die Polarisation einer dieser Komponenten urn 90° dreht, einen 
zweiten Phasenmodulator (5) zum Modulieren der Phase der anderen Komponente, einen 2x2-RIchtungs- 
koppler(6), der auf die Ausgangsdffnungen die Gberlagerten Engangssignale gibt und einen zweiten Po- 
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arisa«onsrotetor<7) aufweist. der die Polarisation elnes der beiden Eingangssignale des Richtungskopp- 
■era (B)_ um 90 dreht, und daB der Modulattonsslgnalgenerator (10) einen Kodlerer(10) aufweist, der von 
deromaren Sequenzdie Steuerslgnale auf dledrel Phasenmodulatoren (2, 5, 8)gibt, unddaBderAusgang 
3 at0ra (3 * 8) mit elnem PoJarisatton8waW.rechtungskoppler(9) verbunden 1st, um 

die ortnogonalen Komponenten des Polarisationsaistands wiederzu kombinieren und das erhaltene Si- 
gnal In die Monomode-Lfchtleitfaser (11) zu geben. die als Obertragungskanal wirkt 

8 ' 2Sl!!?r ^O!*? 9 ?, 2 "™ ^P'^en von mehrstuflgen Slgnalen, die nacft dem Verfahren gemafi An- 
[ET?, 5 einerer8ten stufe . * ** einemoptischen Bnpfanqsoszillator (12). einerop- 
ItS e ' sc ^ tun 9 < 13 >. Separatoien (14. 15) derorthogonalen Polarisatlonskomponenten 
211 . ^ teden (18-19) zum Erfassen der Signale besteht, wobei die erste Stufe mit der Uchtleit- 
wf a L ( w?! P " nd Seeignet 1st. die Oberlagerungserfessung der Phasenterme und der 
ST fT 8 88 0ber,a 9enjngssignals durchzuf Qhren. das aus dem von derLlchtleitfaser(11) 
ST 88 "!" P »°?" n !, rte " 8, ' 9nal und dem °P« sc hen Empfengsoszillator-Slgnal erzeugt wird. dadurch 

K T D ^ !, ? 9 ^ Stof9 ^ rBand ^ l,ter ^ 

!♦ P , hot ° d ' oden < 16 - 1 9) erfafiten Signale zentrfert sind. und daB eine zweite Stufe (24-32) vor- 
5!! mSS i of re I retenStrfe 9 ek0 PP B,tund 9eaignetist.dieempfangenenSIgnalezurErzeugung 
SfanZ 9e ^^ n S 8 20 demodu,ieren ' einschlieBlich einer elektronischen Anordnung. welche die 

SSLtaSSfS? S"K ? er BandpaBf i,ter (20 - 23) auf da8 Ba8i8band umsetzt und einen pha - 

7 ' fan^nSSSnr na ? Aw P rUCh 6 zum Em P fan 9«" von mehrstuflgen Signalen, die nach dem Ver- 

* "'^"^naleausden Bandpa&filtem (29-32) empfangen. dleZeitmittel derSlgnaie 
iSESSZ!; SUP-f 6 ^ ,an9Br Sind 8,8 dle Symbo'Periodeund viel kOrzer als die charaW 

EtSEl? « !ft Sch8ltUn9 " ,nver8lon der (33). die en ihrem Bngang die 

tZZEZSZ ;f s,sb8nd -f 9nale empfangt und an ihrem Ausgang die geschatzten Werte des Qber- 

SSfihitt e and -S'9 nalee ntsprechenden Signale empfingt und dieseSkjnale mit den brauch- 
ten Ba^TrrMf^ 8 "^^ 18 '^ W8lChe diB in derS *altung selbst gespeicherten vorbestimm- 
?r S 3 . » Um dIS 8 ^' enten der Jones^atrixzu bereehnen und sie auf die Schaltung 
tZZXi (33) a 9eben ' sowie elne Entscheidungsschaltung (39). welche an ihrem 

den ErL 9 -I T ?" 0bertra 9enen mehrstuflgen Signals empfangt und diese Werte mit 

dem geschatzten Wert ernes der brauchbaren Qbertragenen Symbole zuzuordnen. 

8 ' SSSSST h" 8 ? An K? rUCh 6 ^P^gen mehrstuf iger Signale. die nach dem Verfahren 
S^l^fci ?^ 3 9eb " det Sind ' d8durch 9^ennzeichnet daS dfe Verarbeitungsschaitung auf- 
ZtZLT? S ^ ta "°« , " u "9 (45) zur anfinglichen Bestimmung der Bezugssignale durch eine Aus- 

SZSTIS Sch 1 tano , rdnUn9 (40) 2Ur 8erechnun9 d88 d " Basisband-Signaie 

■^tSST.? ^ '! n9 r 8ind 8,8 dIe Synbolperiode und viel kOrzer als die charakteristlsche Periode 
B^?l^ ° , S ^ C ^ ankUn9Bn ' sowie Mn S P e,charn und Aufdatieren der Komponenten des 

n?n Tr^lS Be ^ 9SS ' 9nal8n 20 vergleichen und jedem derselben eines der brauchbaren Obertrage- 

riode der Polansationsschwankungen und viel linger als die Symbolperiode. 

Revendicatlons 

1 " KE^^ *5? J"! mUltiniVeaU SUr U " S ' 9na ' 0 P U 9 ue P«*» P« transmettre de 

ESSl ' ,nte ? ned J alre d UnB flbre ° pti( ' U8 8 mode un, ^« P* ' a m o d «' a «o" d « signal porteur. 
caractense en ce que la phase et la polarisation du signal porteur sont modulees. 
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L Precede selon la revendicatfon 1, caracterise par lea tapes sulvantes : 

" "™ od "' atton de la P nasa du signal porteur par un premier signal de commande ; 

' J ™" du s ' 9nal portBur ' dont ,a P nase est modulee, en deux composantes orthogoriales represen- 
tant I'etat de polarisation ; et 

- modulation de la phase des dites composantes orthogonales par des second et troisieme signaux 
de commande; *„ 

lea dits signaux de commande etant obtenus en codant une succession binaire representant I'lnfor- 
mation a transmettre etformee de plusieurs symboles. dont chacun represents un 6 tat predetermine 
du signal multiniveau a transmettre. 

. Precede selon la revendication 2, caracterise en ce que lea etats predetermines du signal multiniveau a 
transmettre, represents chacun par lee composantes d'un vecteur a quatre dimensions determinant un 

"" l ?!? T SUr ' a SUrface de la spnere de re9 P aca euc " dten a <l uatre dlmanslons dont le rayon 
est egal a la racine carree de la puissance optique moyenne transmise, sont determines en selectionnant 
• u?,.?! * f erence «P«ctllB de facon a minimiser la fonction multi-variables qui fait correspondre 
la probabilite d erreur de bit avec lea coordonnees des dits points de reference. 

Transmetteur optique pour la transmission de signaux multiniveau formes selon le precede de la reven- 
! \? ,nl 1 ! C( i mP '! nantUn980UrCed8,uni, ' 6re ^"^^(^concue pour produlrelesignal optique porteur 

1S£Z%I?F ( 2.°°^ pourmodularla Ph^e °u dit signal porteur, etun modulateur de polarisation 
m Q ?ulS m n? *? ♦ Pr8m,er modu,ateur da Ph** (2). et en ce que le generateur de signaux de 
modulation (10) presents une sortie reliee au premier modulateur de phase (2) et au moins une sortie 

Pt£eet^ 

IZT^ZTt™ 8e ' 0n ' a revendteat,on 4 P"» ' a en oeuvre du precede selon la revendication 
J^Sf^Z? M T* entfe le premler modu,ate ^ da Phase (2) et le modulateur de polarisation 

rth090n ^ es de ' etat da Potion du signal porteur, et en ce que le modulateur de po- 
arisatlon (3-8) comprend un appareil rotateur de polarisation (4) qui fait tournerde 80* la polarisation de 
L"" 8 ^!"* ^P^wtes, «•» second modulateur de phase (5) concu pour modular la phase de I'autre 
camposante. un coupleur dlrectionnel 2x2 (6) qui fournlt aux orifices de sortie lea signaux d'entree super- 
^•"" SBC0 ; d fW"™" da Polarisation (7) qui fait tourner de 80» la polarisation de I'un des 

floTcom^d tTHH dlrectionnel » e " «» 'e generateur de signaux da modulation 

23? !° de " r <1 °i^ U i f0Urnft ' 8 partlr de ,a 8eauanca Wnaire . signaux da commands aux 
treis modulateurs de phase (2.5,8), et en ce que la sortie du modulateur de polarisation (3-8) est reliee 

Ln JTS^ ,0 r ^ *! d6 8e,eCt ' 0n d6 PO,ariS8tion Pourcombiner encore lea composantes ortho! 

unique (11) qui agit a la facon d'un canal de transmission. 

R6cepteur optique pour la rewptlon de signaiix multiniveau form6s selon le proced* de la ^ 
I 8 ' ~ mprenan i Un P [ emh * ^ consista en un oscillateur optique local (12). un hybride optique a 
(16 lltT; <1 J; 15) ^ orthogonalesde polarisation, et quadra photodides 

™, ll ? I date f °" daa d «a 6.gnaux, ce dit premier stage etant couple a la fibre optique (11) et etant 

Tr , ^ dete ? ,o, : heterodyne dea ,,mit88 da ^ * daa da * p*™* 

25 f 52 ' caracterise en ca <""> 18 d » Premier etage comprend de plus quatre filtres passe- 

SSiES? \ d8 13 f r6qUBnCe M * m ^ <"» signaux detecres par les dites phoX 

JTJltS f ^ ° e . q 89COnd 61898 (24,32) 881 prevu « ui e8t ""P' 6 au d « P remier eta 9e et concu 
pour demoduler les signaux recus af in de fournir le signal multlniveeu. comportant un dispositif electre- 
nique qui convertit lea signaux de frequence Intermedial des dits filtres passe-bande (28-32) en une 
JtTJZ*!!** comprenant une boucle de verreuillage de phase (28). quatre multiplicateurs (24-27) 

et est concu pour comparer ie dit signal multiniveau a des signaux de reference predetermines. 

1£EL TTJT lareve " dicatton 6 POTla reception de signaux multiniveau formes selon le pre- 
cede de la revendication 2 ou 3. caracterise en ce que le dit circuit de traitement, base sur ('evaluation 
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2« h J^S ?f re0, con, P rond ^"a*™ «^fts (34-37) quf resolvent A tours entries lea sfgnaux 

£E^Sr"T!r? dM " ,t,eS pa3S ^ band8 (29-32). qui calculent lea meyennes de temps Z 

" CaraCt6n ' Stiques *■ ««««a«on8 de pdarisatlcn. et qJLrnissent a leure 
TSUSS Z!T. r ! Pre8entant ,eS dite8 moyennM * un circuit pourl'invenrfondelamaSS 

EdtaLtSr^^SSr tert,M ^"nesde temps desaignaiixde la bandede base et qui ecrnpare 

tra T ta f0m,ant 188 a * naux da P^telineae^ 
fr3r o,Tlr? , ,ulHneme de faco " * calculer lea coefficients de la matrice de Jones et a lea 

TSSL^ZX^ » mu,t,niveau traf «n"8 et qui compare les dites valeurs aux symbdes 

^<te£SZ! ™ ,e f s ! 9naux de reference par une seduence « 

d3desDenSLd^mi.K ^ p ^^ ertem ^"n»«le«^P8de8signa U xdelabande debase 

comparer te^ZZ h - £ f r6feren «». '» dlspositlf a circuit de decision (45) etant concu pour 

Z^S^^ST £ 8i9naUX de b3nde de ba88 aux 8i 9" aux d * «»*•««. ^ Pour T 
Sc^ '* de temps de mise a jour etant 

longue que la peSode d^symE£° —■■■*«•■ des fluctuations de polarisation et beaucoup plus 
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